Determination of organochlorine pesticide residues in shrimp is very important to ensure the consumer's safety and to fulfill the importer's demand. Therefore, a simple and efficient multiple organochlorine pesticide residues analytical method using quick, easy, cheap, effective, rugged and safe (QuEChERS) extraction technique and Gas Chromatography coupled with Electron Capture Detector (ECD) has been developed and validated for the determination of 19 organochlorine pesticides (α-BHC, δ-BHC, β-BHC, γ-BHC, Heptachlor, Aldrin, Heptachlor Epoxide, γ-Chlordane, α-Chlordane, α-Endosulfan, 4,4 DDE, Dieldrin, Endrin, 4,4 DDD, β-Endosulfan, 4,4 DDT, Endosulfan sulphate, Methoxychlor, and Endrin Ketone) in shrimp. The method was validated by evaluating the accuracy, precision, linearity, limit of detection (LOD) and limit of quantification (LOQ). The average recoveries of the selected pesticides ranged from 84% to 106% with RSDr ≤ 14% in four fortification levels of 0.05, 0.1, 0.2 and 0.3 mg kg . This method was applied successfully for the residue analysis of 40 shrimp samples collected from different regions in Bangladesh.
INTRODUCTION
Fish play a crucial role in the Bangladeshi diet, providing more than 60% of animal source food, representing a crucial source of micro-nutrients, and possessing an extremely strong cultural attachment. Fish (including shrimp and prawn) is the second most valuable agricultural crop in Bangladesh. The culture and consumption of fish therefore has important implications for national food and nutrition security, poverty and growth (Belton et al., 2011) . The prime source of high-quality protein is fish, which provides 14-16% of the animal protein consumed worldwide. Over one billion people across the world consume fish as their primary source of animal protein (Helfman et al., 1997) . Thus fish either harvested from natural source (s) or cultured artificially and the fish products have great importance as human food worldwide. The fisheries sector especially shrimp production in Bangladesh plays a significant role in providing employment to rural poor, reducing poverty and enhancing export earning. The sector annually contributes 544 million US Dollar to the national economy. The shrimp industry also provides direct employment to over 1 million people. Increasingly stringent standards for food safety rules are being adopted by EU, USA and Japan, the three main importers of shrimp form Bangladesh. Kaphalia et al. (1990) reported that the majority of people were indirect consumers of pesticides through food intake.
In Bangladesh, shrimp production is linked with rice cultivation. For the cultivation of rice, the farmers of our country are using pesticides mostly belonging to organocarbamate, organophosphate and synthetic pyrethroid pesticides. In the long past organochlorine pesticides (OCPs) like endrin were used in rice while other OCPs were used legally in other crops until 1977 when the last OC insecticide heptachlor was banned. The OCPs are lipophilic in nature, their hydrophobicity, low chemical and biological degradation rates have led to their widespread accumulation in food chain (John et al., 2001; Bedi et al., 2005; Aulakh et al., 2006) . The exposure of OCPs in humans creates severe health hazards particularly breast cancer, testicular cancer, endocrine dysfunction, births defects, lower sperm count (Brody and Rudel, 2003; Ahmed et al., 1996; Garry et al., 2004; Soto et al., 1998) .
Most of the organochlorine pesticides (OCPs) were banned in 1970s for their long persistence in the environment (Annonymous, 1979 and Annonymous, 1989) . But because of their long persistence, OCPs are still detectable in fish from various waterways (Zhang et al., 2014; Prodhan et al., 2010; Prodhan et al., 2009; Kaur et al., 2008; Antunes and Gil 2004; Osuna-Flores and Riva, 2001; Chan et al., 1999; Berg et al., 1999; Sapozhnikova et al., 2004) . Although not as persistent in the environment as OC pesticides, many pesticides of the other three groups are also suspected to be present in fish samples. As required by importing countries as well as for our own need it is important to know the pesticide residue status in shrimp.
In order to detect and quantify pesticide residues quickly and easily, multi-residue methods are required. The multi-residue methods used for the analysis of pesticide residues should be validated prior to analyze the samples. In the analysis of pesticide residues, effective extraction and clean-up techniques are essential. Nowadays, the quick, easy, cheap, effective, rugged and safe (QuEChERS) technique, which was first introduced by Anastassiades et al., 2003 , is widely used for the extraction and clean-up of food matrices (Anastassiades et al., 2003) . Therefore, the QuEChERS extraction techniques followed by GC-ECD were chosen for the determination of OCPs in shrimp. Up until now, few multi-residue methods were developed for the determination of OCPs in shrimp (Osuna-Flores and Riva, 2001; Zhang et al., 2014) . However, in this developed method we have incorporated a large number of OCPs that were not incorporated with the previously developed methods. With this view, the present study was initiated to develop and validate an analytical method for the determination of 19 organochlorine pesticide residues in shrimp and to monitor OCPs residues status in shrimp in Bangladesh.
MATERIALS AND METHODS

Chemicals and reagents
Reference standards of Organochlorine Pesicide Mix (α-BHC, δ-BHC, β-BHC, γ-BHC, Heptachlor, Aldrin, Heptachlor Epoxide, γ-Chlordane, α-Chlordane, α-Endosulfan, 4,4 DDE, Dieldrin, Endrin, 4,4 DDD, β-Endosulfan, 4,4 DDT, Endosulfan sulphate, Methoxychlor, and Endrin Ketone) were obtained from SIGMA-Aldrich, Germany through SF Scientific, Dhaka, Bangladesh.
Analytical grade Acetonitrile (MeCN), methanol, Sodium chloride (NaCl), anhydrous magnesium sulphate (MgSO 4 ) and Primary Secondary Amine (PSA) were also obtained from SIGMA-Aldrich, Germany through SF Scientific, Dhaka, Bangladesh.
Sample preparation procedures
The quick, easy, cheap, effective, rugged and safe (QuEChERS) extraction technique, which was first introduced by Anastassiades et al. (2003) , is widely used for the extraction and cleanup of food matrices. The QuEChERS (Quick, Easy, Cheap, Effective, Rugged and Safe) method modified by Prodhan MDH et al. (2015) was used for the extraction and clean-up of organochlorine pesticide residues from shrimp matrix. The method is described below:
Ten gm of properly homogenized eggplant sample was taken in a 50ml screw-capped polypropylene centrifuge tube and 10 ml acetonitrile (MeCN) was added into the centrifuge tube. The centrifuge tube was closed properly and shaken vigorously for 30 sec. by vortex mixer. Then 4g anhydrous MgSO 4 , 1g NaCl were added into the centrifuge tube and it was shaken by vortex mixer for 1 minute. Afterwards, the extract was centrifuged for 5 min at 5000 rpm. An aliquot of 3 ml of the MeCN layer was transferred into a 15 ml micro centrifuge tube containing 600 mg anhydrous MgSO 4 and 120 mg Primary Secondary Amine (PSA). The content of the centrifuge tube was thoroughly mixed by vortex for 30 sec. and centrifuged for 5 minutes at 4000 rpm. After centrifuge, a 1 ml supernatant was filtered by a 0.2 µm PTFE filter, and then it was taken in a clean HPLC vial for injection. 
Preparation of pesticide standard solution
Preparation of matrix matched calibration standard solution
Matrix matched calibration standards were prepared by adding 100 µl of the mixed pesticide standards working solutions of 0.5, 1.0, 2.0, 3.0, and 5.0 mg l -1 and 900 µl of the blank extract to reach the final concentrations of 0.05, 0.10, 0.2, 0.3 and 0.5 mg l -1 , respectively. Calibration standards in acetonitrile having the same concentrations as in the matrix matched calibration standards were also prepared. All the standard solutions were kept in a freezer at -20 0 C until use. A typical chromatogram containing 19 organochlorine pesticides prepared with matrixmatched calibration standard is presented in figure 1.
Operating condition of GC
A Gas Chromatograph (GC-2010 Shimadzu) coupled with Electron Capture detector (GC-ECD) was used for the identification and quantification of selected organochlorine pesticides. Separations were done by RTX-CL capillary column (30 m long, 0.25 mm i.d. and 0.25 μm film thicknesses), nitrogen was used as carrier (column flow 1.5 ml/min.) and make up gas as well. The injector and detector temperatures were set to 250 °C and 330 °C, respectively and the column oven temperature was programmed, which was started from 180 °C and went up to 220°C with incremental rate of 5 °C (12 min hold), then it raised to 260°C with incremental rate of 5 °C. All the injections (1 μl) were done in spit mode. The total run time was 28 min. Identification of the analyte in the samples was done by comparing the retention time of the corresponding matrix matched calibration standard and quantification was done by external calibration curves maid with 5 point matrix matched calibration standard. 
Method validation
The method was validated by evaluating the accuracy, precision, linearity, limit of detection and the limit of quantification.
Accuracy and precision
The accuracy of the method was calculated as percent recovery of pesticides from spiked samples. A 10-g homogenized sample was spiked prior to the extraction procedure by the addition of a mixed pesticide standard working solution to reach the final fortification levels of 0.05, 0.10, 0.20 and 0.30 mg kg -1 . For each level of fortification, five replicates were analyzed. After fortification, the sample was equilibrated by shaking and then allowed to settle for 30 min prior to the extraction procedures in order to ensure the sufficient contact of the analytes with the whole matrix. Then, the samples were prepared according to the method described earlier. Precision in case of repeatability (RSD r ) was determined at four fortification levels of 0.05, 0.10, 0.20 and 0.30 mg kg -1 with 5 replicates on the same day. Precision in case of Reproducibility (RSD R ) was determined at two fortification levels of 0.05 and 0.20 mg kg -1 with 5 replicates during a period of 2 months interval.
Limit of detection (LOD) and limit of quantification (LOQ)
The Limit of Detection (LOD) was calculated according to EURACHEM guidelines (EURACHEM 1998). In order to determine the LOD of each analyte 10 independent blank samples fortified at the lowest acceptable concentration of 0.05 mg kg -1 were processed and the LOD was expressed as the analyte concentration corresponding to 3 times the standard deviation. LOQ was determined according to the European Commission (EC) document number SANTE/11945/2015 (European commission 2015). LOQ was set as the lowest fortification level for each pesticide giving an acceptable accuracy (mean recoveries for individual pesticides being in the range of 70-120%) and precision (RSD r ≤20%).
RESULTS
Method validation
Accuracy and precision
A very good accuracy and precision was found for all of the analytes at four fortification levels of 0.05, 0.10 0.2, and 0.30 mg kg -1 . The average recoveries ranged from 84 to 106% with relative standard deviations (RSD r ) ≤ 14% for all of the analytes (Table 1) . Reproducibility (Interday accuracy and precision) was determined at two fortification levels of 0.05 and 0.20 mg kg -1 with 5 replicates. A very good accuracy and precision was also found. The average recoveries ranged from 85.92 to 104.63% and RSD R were ≤ 5 % for all of the analytes (Table 2) .
Calibration curve and linearity
Five point calibration curves were prepared by matrix matched standards and analyzed in triplicate. Calibration curves were made by plotting the mean peak area of the selected pesticides versus concentration. Linearity was evaluated by calculating the correlation coefficient, intercept and slope of the regression line. Linearity was very good and coefficients of determination were ≥ 0.996 for all of the selected pesticides with matrix matched calibration standards. The correlation coefficients for all of the selected pesticides are summarized in table 3. 
Limit of detection (LOD) and limit of quantification (LOQ)
The limit of detection (LOD) of each analyte is presented in table 3. The LOD ranged from 0.003 to 0.009 mg kg -1 . The Limit of Quantification (LOQ) for all of the selected pesticides was set to 0.05 mg kg -1 which was achieved the acceptable accuracy (mean recoveries for individual pesticides in the range of 84% to 106% and precision (RSD r ≤14%).
Application of the method for real sample analysis
The proposed method was used for the analysis of shrimp samples collected from different market places in Bangladesh. A total of 40 samples were analyzed. Among the analyzed samples 38 (95% of the total no. of samples) contained no detectable residues of the pesticides sought and 2 (5% of the total no. of samples) had pesticides residues. None of the sample was found contaminated at a level above the EU-MRLs (European commission 2005). The detected pesticide was 4, 4 DDT. The ranges of the detected residues were 0.057-0.95 mg kg -1 .
DISCUSSION
The described method in this study is an efficient and effective multi-residue analytical method using Gas Chromatography coupled with Electron Capture Detector (GC-ECD) for the determination of 19 organochlorine pesticide residues in shrimp. A very good accuracy and precision was found for all of the analytes using this proposed method. The average recoveries ranged from 84 to 106% with RSD r ≤ 14% and RSD R ≤5%, thus fulfilling the requirement set by SANTE document no. SANTE/11945/2015 for accuracy and precision (European commission 2015) . Ninteen organochlorine pesticides (α-BHC, δ-BHC, β-BHC, γ-BHC, Heptachlor, Aldrin, Heptachlor Epoxide, γ-Chlordane, α-Chlordane, α-Endosulfan, 4,4 DDE, Dieldrin, Endrin, 4,4 DDD, β-Endosulfan, 4,4 DDT, Endosulfan sulphate, Methoxychlor, and Endrin Ketone) were incorporated in this method that helps the scientist/ analysts for quick determination of multiple pesticide residues in shrimp. In addition, this analytical method was applied successfully to monitor the selected organochlorine pesticide residues in 40 shrimp samples collected from different regions of Bangladesh. Among the analyzed samples, 2 (5% of the total no. of samples) had pesticides residues. None of the sample was found contaminated at a level above the EU-MRLs (European commission 2005). The detected pesticide was 4, 4 DDT. The ranges of the detected residues were 0.057-0.95 mg kg -1 . Thus the proposed method can be used successfully to monitor multiple organochlorine pesticide residues in shrimp.
The findings of the present study are in a good agreement with the observation of Sankar et al. (2006) . They have collected fish from five different locations from the Caligut region, India and analyzed for the quantification of organochlorine (OC) insecticides and heavy metal (HM) residues. The highest concentrations of OC insecticides detected in the edible portion of fish were 10.47, 70.57 and 28.35 ng g −1 in marine, brackish water and freshwater, respectively. BHC and heptachlor epoxide formed the major share of OC insecticides in the marine fish while BHCs contributed to the major share in the freshwater and brackish water fish. The DDT ranged from 0.05 to 80 ng g −1 in the samples irrespective of the habitat. The concentrations of OC insecticides and HMs in the samples, in general, were below the EU-MRLs (European Commission, 2005). Battu et al. (1984) have detected OC insecticides in fresh water fish in Ludhiana, India and residues of both DDT and HCH in all the samples with the maximum levels of DDT at 3.02 mg kg -1 , while Kannan et al. (1992) reported mean levels of HCH and DDT at 0.002 and 0.015 mg kg -1 , respectively in fish. In Pakistan, Saqqib et al. (2005) have detected DDE, aldrin and dieldrin residues in fish tissues while Jabber et al. (2001) reported DDT, aldrin, dieldrin, lindane and heptachlor in different organs of fish (muscle, liver, gut and egg samples) in Bangladesh. Among the analyzed four organs, they have found residues in the following order: egg > gut > muscle > liver. Higher levels of residues have found during the dry season due to high lipid content in fishes. They have also observed a positive correlation between pesticide residues and lipid contents of fish. The concentrations of pesticide residues in muscle, liver and gut were below the FAO/WHO (1993) recommended permissible limit except in eggs.
Pesticides residues remain in fish including other food item have become a consumers' safety issue. The exposure of OCPs in food products to the consumers creates severe health hazards particularly breast cancer, testicular cancer, endocrine dysfunction, births defects, lower sperm count (Garry et al., 2004; Brody and Rudel, 2003; Ahmed et al., 1996; Soto et al., 1998) . Thus, the food safety issues concerning pesticide residues needs to be considered along with food production and an effort including integrated pest management and stringent quality control system comprising rational use of pesticides and their regular monitoring in the environmental samples including fish should be ensured.
CONCLUSION
The described method in this study is an efficient and effective multi-residue analytical method using GC-ECD for the determination of 19 organochlorine pesticide residues in shrimp. A very good accuracy and precision was found for all analytes using this proposed method. The average recoveries ranged from 84 to 106% with RSD r ≤ 14% and RSD R ≤5%, thus fulfilling the requirement set by SANTE document number SANTE/11945/2015 for accuracy and precision (European commission 2015) . Ninteen organochlorine pesticides were incorporated in this method that helps the scientist/ analysts for quick determination of multiple pesticide residues in shrimp. In addition, this analytical method was applied successfully to monitor the selected organochlorine pesticide residues in shrimp in Bangladesh. Thus the proposed method can be used successfully to monitor multiple organochlorine pesticide residues in shrimp.
